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Abstract. Glutamate‑induced excitotoxicity has been reported 
to be involved in the pathophysiology of neurodegenerative 
disorders. It has been proposed that valproic acid (VPA), 
which is used in epileptic and bipolar disorders, may be 
protective against excitotoxic insult. The aim of the present 
study was to investigate the effects of VPA against the gluta-
mate excitotoxicity in the SH‑SY5Y human neuroblastoma 
cell line and determine its anti‑oxidant capacity by measuring 
oxidative and anti‑oxidant biochemical parameters. SH‑SY5Y 
human neuroblastoma cells were pre‑treated with 1, 5 or 
10 mM VPA prior to exposure to 15 mM glutamate. The 
MTT assay was performed to determine cell viability. To 
detect oxidative insult in glutamate toxicity and the potential 
anti‑oxidant effect of VPA, the cell catalase (CAT), superoxide 
dismutase (SOD), malondialdehyde and hydrogen peroxide 
(H2O2) activity was determined. A progressive decline in cell 
viability was observed with increasing glutamate concentra-
tions (1‑50 mM). Treatment with 1 mM VPA was revealed 
to be effective in increasing the viability of cells exposed to 
glutamate for 24 h. Oxidative damage, including an increase in 
H2O2 and MDA, was observed in SH‑SY5Y cells treated with 
glutamate and was reduced by pre‑treatment with VPA. CAT 
activity was decreased following glutamate exposure, but VPA 
did not prevent this decrease. SOD activity was increased by 
treatment with VPA alone and was not affected by glutamate 
exposure. Overall, the present results confirmed the critical 
role of oxidative stress in glutamate‑induced excitotoxicity. 
They also suggested that VPA may exert an anti‑oxidant 
effect against glutamate‑induced excitotoxicity by decreasing 
oxidative parameters, including H2O2 and MDA, but only 
had a slight effect on CAT and SOD activity, which have an 
anti‑oxidant capacity.

Introduction

The excitatory neurotransmitter glutamate is involved in the 
pathophysiology of certain neurological disorders, as well 
as in neuron loss, by increasing cell component damage, 
including mitochondrial dysfunction (1). Glutamate excito-
toxicity is also considered a major mechanism underlying 
neuronal death, leading to neurodegeneration, as occurring 
in hypoxia, ischemia, traumas and chronic neurodegenerative 
disorders (2). It has been indicated that glutamate mediates 
excitotoxicity in primary cultured neurons by stimulating 
the N‑methyl‑d‑aspartate receptor, which leads to increased 
calcium permeability and formation of reactive oxygen species 
(ROS), and the release of lysosomal enzymes (3,4). Oxidative 
stress is known to be involved in several human neuropa-
thologies, including acute hypoxia‑ischemia/reperfusion 
and chronic neurodegenerative disorders, e.g. Parkinson's 
and Alzheimer's diseases  (5,6). Following acute glutamate 
administration, increased intracellular ROS accumulation, 
Ca+2 levels, production of peroxynitrite and depletion of gluta-
thione were observed in the cerebral cortex of rats (7). ROS 
generation is involved in the pathophysiology of several 
neuropsychiatric disorders, since 20% of the total amount 
of oxygen in the body is metabolized by the brain, and the 
brain has a limited anti‑oxidant capacity (8,9). High levels of 
extracellular glutamate, resulting in glutathione depletion and 
cell injury, in addition to the inhibition of glutamate toxicity 
by several anti‑oxidants, including α‑tocopherol and super-
oxide dismutase (SOD), indicate oxidative glutamate toxicity. 
Cultured cortical neurons from mice overexpressing the free 
radical‑scavenging enzyme SOD were indicated to be resis-
tant to glutamate toxicity and the involvement of glutathione 
in neuro‑degeneration was demonstrated (10,11). Excitotoxic 
neuronal injury is linked to the generation of free radicals and 
glutathione is involved in neurodegeneration (10,11). It has also 
been speculated that the principal function of ascorbate and 
α‑tocopherol as anti‑oxidants may be based on a synergistic 
effect with glutathione in the central nervous system (10,11).

Valproic acid (VPA), widely used as an anti‑convulsant 
agent and efficient mood stabilizer, has been reported to 
have a utility in the treatment of excitotoxicity in the hippo-
campus  (12). The neuroprotective effect and anti‑oxidant 
activity of VPA were studied in primary cultured rat cerebral 
cortical cells and chronic VPA treatment was suggested to 
inhibit glutamate‑induced cell death, DNA fragmentation, 
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intracellular free calcium imbalance, lipid peroxidation 
and protein oxidation  (13). VPA directly inhibits histone 
deacetylase (HDAC), causing histone hyperacetylation and 
heat shock protein (HSP) induction, where HSP induction 
is correlated with damage resistance. VPA was indicated to 
exert a neuroprotective effect through these mechanisms in 
the cerebral ischemia model (14), it was also indicated that 
VPA has neuroprotective effects against brain ischemia due 
to its anti‑inflammatory and anti‑oxidant activities, as well 
as against HDAC and glycogen synthase kinase 3 (GSK3) 
inhibition (15,16).

In the present study, the neuroprotective effect of VPA 
against oxidative glutamate toxicity was studied in the 
SH‑SY5Y cell line, which is frequently used as a model for the 
study of oxidative stress associated with neuronal death and its 
anti‑oxidant capacity, by measuring oxidative and anti‑oxidant 
biochemical parameters.

Materials and methods

Cell culture. The study was performed using SH‑SY5Y human 
neuroblastoma cells originally obtained from the American 
Type Culture Collection and kindly supplied by Dr İbrahim 
Akalın (Department of Medical Genetics, İstanbul Medeniyet 
University, İstanbul, Turkey). Every effort was made for the 
cell lines to be kept pure and free from contamination in the 
laboratory. The preventions were taken to avoid contamination; 
the sampling area, incubator and water bath was kept clean, 
the laboratory enviroment was sanitized, the biological safety 
cabinet was used for all procedures, all cell culture equipment, 
including reagents and media were sterile, antibiotics were 
included and sterile water was used to prevent contamination.

The SH‑SY5Y cells were grown in Dulbecco's modified 
Eagle's medium (Thermo Fisher Scientific, Inc.) containing 
10% fetal bovine serum (Thermo Fisher Scientific, Inc.), 
penicillin (100 unit/ml) and streptomycin (100 µg/ml). The 
cells were incubated at 37˚C with 5% CO2. SH‑SY5Y cells 
were seeded into 96‑well plates (1x104 cells/well). To investi-
gate the effects of L‑glutamate and VPA, SH‑SY5Y cells were 
incubated in complete culture medium for 24 h prior to the 
addition of L‑glutamate or VPA.

Drug concentrations. Cells were treated with 9 different 
concentrations of glutamate (1, 5, 10, 15, 20, 25, 30, 
40 and 50 mM; L‑glutamate; cat. no. G1251; Sigma‑Aldrich; 
Merck KGaA) to determine the glutamate toxicity in the 
cultured SH‑SY5Y cells. The glutamate concentrations that 
caused a significant reduction in cell viability were determined 
by drawing dose‑cell viability curves. The glutamate concen-
tration of 15 mM that caused a ~20% decrease in cell viability 
after 24 h was then used for subsequent experiments. The 
cells were challenged with this concentration calculated from 
the dose‑response experiment for 2 different time intervals 
(3 and 24 h). Cell viability was determined by MTT assays, as 
described below.

SH‑SY5Y cells were treated with 1, 5 and 10 mM VPA 
(Depakin 400 mg/4 ml; lyophilized powder; Sanofi S.A.) 
for 2 h prior to exposure to 15 mM glutamate. The effect of 
VPA treatment was tested following 2 different time intervals 
(3 and 24 h).

Cell viability assay. An MTT (Thermo Fisher Scientific, Inc.) 
assay was used to evaluate cell viability. After adding MTT 
solution (5 mg/ml) to each well, cells were incubated for 3 h 
with 5% CO2 at 37˚C. Following the removal of the culture 
medium, 200  µl dimethyl sulfoxide was used to dissolve 
the formazan product. Absorbance values were measured 
at 560 nm using a microplate reader (Multiskan™ GO micro-
plate spectrophotometer; Thermo Fisher Scientific, Inc.). Cell 
viability was calculated by considering the controls as 100%.

Cell lysate preparation. SH‑SY5Y cells were harvested by 
trypsin‑EDTA 0.25% (Thermo Fisher Scientific, Inc.) and 
collected by centrifugation at 1,000‑2,000 x g for 10 min at 
4˚C. Cells were then harvested in ice‑cold buffer (0.05 M potas-
sium phosphate pH 7.0, 1 mM EDTA) and homogenized by 
sonication on ice. The solution was centrifuged at 12,000 x g 
at 4˚C for 20 min to remove cell debris. The supernatant was 
used for determining the quantity of total protein and for the 
enzyme activity assay. The protein concentration was deter-
mined using the bicinchoninic acid assay kit (Thermo Fisher 
Scientific, Inc). All spectrophotometric measurements were 
made using an Epoch microplate spectrophotometer (BioTek 
Instruments, Inc.).

Catalase (CAT) activity assay. CAT activity in cell lysates was 
tested by spectrophotometrically monitoring the degradation 
of hydrogen peroxide (H2O2) for 3 min at 240 nm at 25˚C in the 
presence of 3% H2O2 and 0.1 mM EDTA in 0.05 M potassium 
phosphate buffer with a pH of 7.0.

SOD activity assay. The SOD assay was performed by quanti-
fying the inhibition of nitro blue tetrazolium (NBT) at 560 nm. 
The assay mixture (200 µl) comprised 0.0033 mM riboflavin, 
10 mM L‑methionine, 0.033 mM NBT and 0.66 mM EDTA‑Na2 
in 0.05 M potassium phosphate buffer (pH 7.8). The 96‑well 
plates containing the assay mixture were incubated for 20 min 
with 300 nmol/m2/sec at 560 nm excitation at 25˚C. One unit 
of SOD activity was defined as the amount of protein (in mg) 
causing 50% inhibition of photoreduction, following which 
specific enzyme activity was expressed as units/mg protein.

Malondialdehyde (MDA) activity assay. Lipid peroxidation 
products, including MDA, react with thiobarbituric acid 
to form a colored product with an absorption maximum of 
532 nm. The results are expressed as the molar equivalent 
of MDA (calculated from the standard curve prepared with 
tetraethoxypropane) per mg of protein.

H2O2 activity assay. H2O2 in cells was quantified using a H2O2 

assay kit (cat no. ab102500; Abcam). In brief, at 24 h after 
drug administration, cells were harvested, homogenized and 
centrifuged. The supernatant was used for the assay. The 
absorbance was detected at 570 nm using a microplate reader 
and the optical density was used for quantification of H2O2 
levels. Distilled water was used as a negative control instead of 
cell lysate sample.

DAPI staining. At 24  h after glutamate exposure and/or 
pre‑treatment with VPA, the cells were fixed with meth-
anol/acetic acid at a ratio of 3:1 at room temperature for 
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10 min (17). Cells were then washed twice with PBS, stained 
with DAPI (BioShop Canada, Inc.) for 5 min and examined 
by fluorescence microscopy (Axio Vert.A1; Carl Zeiss 
AG). Apoptosis‑associated changes in cellular and nuclear 
morphology were examined and a reduced nuclear size, 
chromatin condensation, nuclear fragmentation and intense 
fluorescence were considered to indicate apoptosis. Cells 
were imaged using Zen 2,6 Blue Edition software (Carl 
Zeiss, AG).

Statistical analysis. Values are expressed as the mean ± standard 
error of the mean and analyzed by one‑way analysis of variance, 
followed by a Bonferroni's multiple‑comparisons post‑hoc 
test by Grahpad Prism 8 software (GraphPad Software, Inc.). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Dose‑response curve of glutamate and VPA. A dose‑response 
curve of glutamate was plotted to determine the toxic 
concentration of glutamate in SH‑SY5Y cells at 3 and at 24 h 
of exposure. The decrease in cell viability after exposure 
to glutamate for 3  h was not significant at the glutamate 
concentrations of 1, 5 and 10 mM. The significant decrease 
in cell viability started with 15 mM glutamate and decreased 
progressively with increasing glutamate concentrations. The 
progressive decline in cell viability was also observed at all 
concentrations of glutamate (1‑50 mM) at 24 h of exposure 
(Fig. 1A). The glutamate concentration of 15 mM that caused 
a ~20% decrease in cell viability after 24 h was then used for 
the subsequent experiments.

VPA treatment alone at concentrations of 1, 2.5, 
5, 10 and 15 mM significantly increased the cell viability of 
SH‑SY5Y cells, when compared to the control, at 3 and 24 h. 
A significant increase was observed in cells treated with 1 mM 
VPA compared with the control (~130% of control; Fig. 1B), 
but no further increases could be observed with further 
increases in VPA concentration (Fig. 1B).

Effect of VPA pre‑treatment on the viability of cells with 
glutamate‑induced excitotoxicity. The effects of different 
concentrations of VPA (1, 5 and 10 mM) on cell viability, 
alone and prior to glutamate (15 mM) exposure for 3 and 24 h, 
are displayed in Fig. 2.

The viability of glutamate‑treated cells was significantly 
increased in the group pre‑treated with 1 mM VPA when 
compared with that of the cells treated with glutamate alone for 
3 h. An increase in cell viability at 3 h was also observed after 
pre‑treatment with 5 and 10 mM VPA; however, these changes 
were insignificant (Fig. 2A). Of note, pre‑treatment with 1 mM 
VPA significantly increased the viability of cells exposed to 
glutamate for 24 h (Fig. 2B). However, 5 and 10 mM VPA 
concentrations were ineffective in reducing glutamate‑induced 
excitotoxicity; conversely, they further decreased the viability 
of cells after glutamate exposure for 24 h. Thus, the concen-
tration of 1 mM VPA was used in the further experiments to 
investigate the potential anti‑oxidant effect of VPA in treating 
glutamate‑injured neurons (Fig. 2).

Effects of VPA pre‑treatment on H2O2 and MDA contents in 
glutamate‑induced excitotoxicity. At 24 h of incubation with 
15 mM glutamate, H2O2 levels were increased as compared 
with those in the control group (P<0.0001). VPA treatment 
alone (1 mM) did not change the H2O2 levels as compared with 
those in the control. To explore whether VPA has protective 
effects against free radical‑induced cell injury by scavenging 
free radicals, the effect of 1 mM VPA on H2O2 levels was 
evaluated. Treatment with VPA was indicated to decrease 
H2O2 levels in cells exposed to glutamate when compared to 
treatment with glutamate alone (P<0.01), but was not able to 
reduce them to the control levels (P<0.01 vs. control group; 
Fig. 3A).

MDA levels were significantly increased after a 24‑h 
incubation with glutamate (P<0.0001). Pre‑treatment with 
VPA (1 mM) reversed the increase of MDA after glutamate 
exposure, when compared to the control and glutamate alone 
groups (P<0.0001 vs. control group; P<0.0001 vs. glutamate 
alone group; Fig. 3B).

Figure 1. Effect of L‑glutamate on SH‑SY5Y cell viability. (A) Graph indicating the glutamate‑induced dose‑dependent decrease in cell viability in SH‑SY5Y 
cells as % of control. Cells were treated with 9 different concentrations of glutamate (1, 5, 10, 15, 20, 25, 30, 40 and 50 mM). The cell viability determined after 
3 and 24 h of treatment. (B) Graph of the effect of different VPA concentrations (1‑15 mM) on cell viability at 3 and 24 h after treatment. Cell viability (% of 
control) is expressed as the mean value of four separate experiments (n=8 per condition). *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 vs. control in A and 
##P<0.01, ###P<0.001 and ####P<0.0001 vs. control in B. VPA, valproic acid.



BEBİTOĞLU et al:  VALPROIC ACID IN GLUTAMATE EXCITOTOXICITY1324

Effects of VPA pre‑treatment on anti‑oxidant enzyme 
activities in cells with glutamate‑induced excitotoxicity. 
The SOD activity was increased in the 1 mM VPA alone 

group as compared with that in the control group (P<0.01; 
Fig. 4A). The SOD activity slightly decreased after gluta-
mate exposure, as compared to the control group, but this 

Figure 3. (A) H2O2 and (B) MDA levels in VPA‑pre‑treated SH‑SY5Y cells exposed to glutamate to induce excitotoxicity. **P<0.01 and ****P<0.0001 vs. control 
group; ##P<0.01 vs. glutamate group in A. ****P<0.0001 vs. control group and ####P<0.0001 vs. glutamate group in B. Values are expressed as the mean value of 
four separate experiments (n=8 per experiment). H2O2, hydrogen peroxide; MDA, malondialdehyde; VPA, valproic acid; Glut, glutamate.

Figure 2. Effect of VPA pre‑treatment on the viability of SH‑SY5Y cells with glutamate‑induced excitotoxicity. Viability of SH‑SY5Y cells pre‑treated with 
or without VPA (1, 5, 10 mM) followed by exposure to 15 mM glutamate for (A) 3 h or (B) 24 h to induce excitotoxicity. *P<0.05, **P<0.01 and ****P<0.0001 vs. 
control group; #P<0.05 vs. glutamate group in A; **P<0.01 and ****P<0.0001 vs. control group; #P<0.05 and ###P<0.001 vs. glutamate group in B. Cell viability 
(% of control) is expressed as the mean value of four separate experiments (n=8 per experiment). VPA, valproic acid.

Figure 4. (A) SOD and (B) CAT activity in control cells, VPA‑treated cells, cells exposed to glutamate, as well as VPA‑pre‑treated SH‑SY5Y cells exposed to 
glutamate excitotoxicity. Cell viability was calculated by considering the controls as 100%. **P<0.01 vs. control in A; *P<0.05 vs. control in B. Values are expressed 
as the mean value of four separate experiments (n=8 in each experiment). SOD, superoxide dismutase; CAT, catalase; VPA, valproic acid; Glut, glutamate.
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change was not statistically significant. CAT activity was 
significantly decreased after exposure to 15 mM glutamate 
(Fig.  4B). VPA treatment alone slightly increased CAT 
activity, but the decrease was not significant; furthermore, 
pre‑treatment with VPA had no obvious effect to inhibit the 
decrease of CAT in glutamate‑exposed cells (P<0.05 vs. 
control; Fig. 4B).

Effects of VPA pre‑treatment on nuclear changes in cells 
with glutamate‑induced excitotoxicity. Changes in cellular 
and nuclear morphology were examined in the control, 
glutamate‑exposed, valproic acid‑treated and valproic 
acid‑pre‑treated glutamate‑exposed cells by DAPI staining 
(Fig.  5). The control cell nuclei were regular in shape. 
Morphological characteristics of apoptosis, including reduced 
nuclear size, chromatin condensation, nuclear fragmentation 
and intense fluorescence, were observed in glutamate‑exposed 
cells. These changes in nuclear morphology were alleviated by 
pre‑treatment of cells with VPA (1 mM) following exposure to 
15 mM glutamate.

Discussion

The present study focused on an acute excitotoxicity 
model of cell culture created by short‑term exposure to 
glutamate for up to 24 h. Glutamate exposure for 24 h was 
also indicated to cause excitotoxicity in cortical neurons in 
primary culture (3). In the present study, the effect of VPA 
on the early stages of acute glutamate‑induced neurotoxity, 
including intracellular ROS, were investigated in SH‑SY5Y 

cells. Exposure to 15 mM glutamate was found to be the 
least effective compared with other higher doses of gluta-
mate at causing toxicity in SH‑SY5Y cells, as indicated 
by an MTT assay performed after glutamate treatment for 
24 h. Among 3 concentrations of VPA (1, 5 and 10 mM), 
only pre‑treatment with 1 mM VPA significantly inhibited 
glutamate‑induced toxicity to increase the number of viable 
cells. Therefore, 15 mM glutamate and 1 mM VPA were 
used in the subsequent experiments to investigate the poten-
tial anti‑oxidant effect of VPA to prevent glutamate‑induced 
neuronal injury.

It was observed that acute exposure of glutamate to induce 
neurotoxicity significantly enhanced H2O2 levels, suggesting 
that glutamate‑stimulated excitotoxicity in these cells is 
caused by oxidative damage. Major detrimental forms of 
ROS include superoxide, hydroxyl radicals and H2O2. H2O2 
is one of the key targets for interventions among various ROS 
products. As H2O2 is neither a radical nor an ion, it is able 
to readily cross the cell membrane and affect cellular struc-
tures distant from its origin. Oxidative stress lead to protein 
dysfunction, DNA damage and lipid peroxidation, resulting 
in cell death in a manner that is dependent on the excessive 
production of ROS (18). A recent study revealed that 1‑50 mM 
glutamate affected H2O2 synthesis by brain mitochondria, 
and this effect was associated with complex II, a source of 
superoxide formation in mitochondria, and is dependent on 
the mitochondrial potential (19). Ha et al (20) revealed that, 
following prolonged exposure to glutamate, extracellular 
H2O2 accumulated in a time‑ and concentration‑dependent 
manner in HT22 cells. H2O2 formation due to mitochondrial 

Figure 5. Morphological assessment of the nuclei of SH‑SY5Y cells by fluorescence microscopy. (A) Untreated cells were uniformly stained with DAPI. 
(B) Changes in the cellular and nuclear morphology of glutamate‑exposed cells resulted in chromatin condensation and nuclear alterations. Effect of 
(C) valproic acid alone and (D) pre‑treatment prior to glutamate exposure. The nuclei were stained with DAPI. Each photomicrograph was representative of 
three independent samples. Apoptotic cell nuclei are indicated by white arrows (scale bar, 50 µm).
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superoxide leakage perpetuates oxidative stress in neuronal 
injury.

In the present study, increased levels of MDA were 
observed in cells exposed to glutamate. MDA, a product of the 
breakdown of polyunsaturated fatty acid, commonly known 
as a marker of oxidative stress, indicates that glutamate exci-
totoxicity may be associated with oxidative stress. MDA also 
serves as a convenient indicator of lipid peroxidation (21). In 
combination, the increased levels of H2O2 and MDA suggested 
that glutamate‑induced neurotoxicity in SH‑SY5Y cells is 
mediated by oxidative damage. This was consistent with the 
results of Sun et al (17), who indicated that glutamate exerted 
its toxicity through oxidative damage in SH‑SY5Y cells.

The other result of the present study was that pre‑treat-
ment with 1  mM VPA decreased the glutamate‑induced 
increase in H2O2 and MDA levels, revealing a neuroprotec-
tive effect of VPA by decreasing oxidative stress. Previous 
studies also confirmed that the protective effects of VPA 
are associated with a reduction of oxidative stress. Chronic 
treatment with VPA was reported to exert neuroprotective 
effects against excitotoxicity via inhibition of oxidative 
damage by decreasing glutamate‑induced MDA levels (13). 
Frey et al (22) also demonstrated that valproate prevented 
amphetamine‑induced lipid peroxidation in the hippocampus 
and in the prefrontal cortex, revealing the neuroprotective 
effects of VPA in response to oxidative stress. VPA has also 
been reported to inhibit the activation of the JNK pathway 
by decreasing ROS production in a model of spinal cord 
injury (23). It was reported that treatment with VPA following 
cerebral ischemia prevented ROS production via the inhibi-
tion of HDAC and induction of HSP (24). Silva et al (15) 
suggested that VPA exerted neuroprotective effects by atten-
uating the increased HDAC and GSK3 immunoreactivity, 
which are involved in inflammation and brain function in 
certain areas of the brain of ischemic animals. Inhibition of 
these enzymes was demonstrated to reduce ischemic cerebral 
damage by restoring failing mitochondrial bioenergetics and 
preventing ROS production (14,25).

The mechanisms through which VPA and other mood 
stabilizers decrease ROS generation remain to be fully eluci-
dated, but it has been suggested that buffering overloaded 
intracellular calcium, stabilizing mitochondrial function and 
increased expression of endoplasmic reticulum stress protein 
may have a role in it (13,26,27). The inhibition of the GRP78 
expression led to an increase in ROS and intracellular calcium 
levels following oxidative insult (28).

Oxidative stress occurs when cellular anti‑oxidant 
defenses are inadequate to maintain the levels of ROS below 
the toxic threshold, due to excessive ROS production and/or 
loss of anti‑oxidant defenses (29,30). CAT is one of the most 
common anti‑oxidant enzymes in almost all living organ-
isms that are exposed to oxygen; it catalyzes the reduction 
of H2O2 to water and removes organic hydroperoxides (31). 
SOD is a protective enzyme involved in catalyzing the 
dismutation of superoxide to less reactive H2O2 and molecular 
oxygen (32,33). These anti‑oxidants may protect neuronal 
cells against oxidative damage by H2O2 (18,34,35). It has 
been reported that anti‑oxidant systems in neurodegenera-
tive disorders have coordinated effects induced by SOD and 
CAT (36).

In the present study, it was demonstrated that CAT 
activity is significantly decreased in cells exposed to gluta-
mate. However, VPA did not exert any significant effect on 
CAT activity in cells cultured with glutamate. These results 
suggest that CAT activity has a role in glutamate‑induced 
oxidative damage, but VPA does not appear to have a suffi-
cient effect on CAT activity in cells exposed to glutamate. 
It has also been reported that CAT activity in the brain is 
significantly lower than that in other organs, including the 
kidney and liver (37). The low CAT activity may be reduced 
further by glutamate toxicity, an effect that VPA addition 
may not be sufficient to alleviate. VPA alone significantly 
increased the levels of this anti‑oxidant enzyme, but exerted 
no significant effects on glutamate‑exposed cells. It was 
reported that SOD activity may vary among different cell 
types, e.g. among adult rat brain cells; the specific activity 
of total SOD has been reported to be ~10‑fold higher in glial 
cells than in neurons (38).

The results of the present study suggested that VPA exerts 
a protective effect on glutamate‑induced excitotoxicity via 
decreasing ROS production without influencing anti‑oxidant 
enzymes. Studies have reported controversial results 
regarding the effect of VPA on anti‑oxidant enzymes. It has 
been indicated that the activity of glutathione S‑transferase, 
glutathione reductase, glutathione peroxidase, SOD and CAT 
was significantly reduced in the cerebral cortex and cere-
bellum (39). A study on epileptic children also demonstrated 
a significant decrease in the anti‑oxidant activity of SOD 
and CAT after VPA treatment (40). Glutathione reductase 
activity was indicated to be slightly lower in pediatric patients 
receiving VPA monotherapy and polytherapy, as compared 
with that in newly diagnosed pediatric patients (41). Other 
studies have revealed an increase in anti‑oxidant enzymes 
by VPA treatment. It has been suggested that VPA treatment 
may alter the balance between oxidant and anti‑oxidant 
systems (42). In primary cultured rat cerebral cortical cells, 
chronic treatment with lithium and valproate at thera-
peutic concentrations increased the activity of glutathione 
S‑transferase (43).

However, the present study was not without its limitations. 
The potential contamination of the cells was not investigated, 
but the present results are in line with the literature and they 
will be confirmed in vivo or in primary cultured cells in future 
projects.

In conclusion, the present study demonstrated that 
pre‑treatment with 1  mM VPA effectively prevented the 
decline in neuronal cell viability induced by glutamate expo-
sure in SH‑SY5Y cells via decreasing oxidative stress.
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